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(54) Two-dimensional photonic crystal waveguides and wavelength demultiplexers 



(57) In a 2D photonic crystal waveguide comprising 
a 2D photonic crystal structure based on a slab (11) 
formed of a material having a higher refractive index 
than air, in which a material (16) having a lower refrac- 
tive index than the slab material is periodically arrayed 
to provide a refractive index distribution, a photonic crys- 
tal waveguide is created by forming a line defect (12), 
which functions as a waveguide, in the periodic array of 
photonic crystal, and at least one point defect (14) is 
disposed adjacent the photonic crystal waveguide to act 



as a disorder in the periodic array of photonic crystal. 
The point defect functions as a light or electromagnetic 
radiation outlet/inlet port fortrapping light or electromag- 
netic radiation of a selected wavelength among light or 
electromagnetic radiation propagating through the 
waveguide and radiating it in a direction orthogonal to 
the slab surface or trapping light or electromagnetic ra- 
diation of a selected wavelength from an exterior direc- 
tion orthogonal to the slab surface and introducing it into 
the waveguide. 
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Description 
TECHNICAL FIELD 
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10 BACKGROUND ART 

optical waveguides of different length in which the difference in iength tH^ Z!SS^oS,% w Snl 
wavelength into different waveguides to produce outputs (see Journal of IEICE, pp. 746-749 1999 for examole^ in 

ztx^-^^r w ~ are taken ° ut ° f the z p - - ~ = - 

Ive^L lo? 6 WaVe ' en9th multi P'^ers/demultiplexers of the array waveguide diffraction grating type* how- 

's devicl ie " mUSt bS kSPt Si9nificant| y ^ in «*«. a bend loss, resulting in a SEJ large 



E uC*3Tt^£T madS T* ° n I he °° nCept ° f f0rmin9 an U,trasmal1 °P tfca ' multiplexer/demulti- 
plexer using photonic crystal. These proposals are described in, for example, Applied Phvsics Letter vol 7* m 

fooosf 7 TH 1 ^ ^""V and P ^ Letters, voi. 80. pp. 960-963, 1998 (Ref^nce 2 "" PP " 

30 ? S k P hoton,c cr y stal " a cr V stal navin 9 a Periodic distribution of refractive index therein whfch enables to 
30 establish novel optical characteristics using an artificial periodic structure 

[0007] One of the important features of the photonic crystal is the presence of a photonic bandgap. In photonic crystal 
having a three-dimensional periodicity (referred to as a 3D photonic crystal, hereinafter), a Mib^ST^pSS 
propagation of light ,n all directions can be formed. This enables local confinement of light, controfof ZonZTous 

« ™t S Z:t«cTc£T ,0r] ° f 3 WaV69Uide ^ intr0dUCti ° n ° f 3 ,inS defSCt - indiCat *9 a Pos*™** toSe" 
[0008] Reference 1 suggests that an uttrasmall light demultiplexer can be formed by branching a waveguide formed 
^introducing a line defect into a 3D photonic crystal, but does not illustrate any specific structore 
[0009] Active studies have been made on a photonic crystal having a two-dimensional periodic structure (referred 
to as a 2D photonic crystal, hereinafter), because its fabrication is relatively easy. Reference 2 describes the analytic 

40 results of a demultiplexer using a branched waveguide. 

[0010] A refractive index periodicity structure of 2D photonic crystal is formed by arranging cylindrical holes in a high 
refractive index material in a square or triangular lattice pattern. Alternatively, it is formed by arranging cylinders of a 
high refractive index material in a low refractive index material in a square lattice pattern. Photonic bandgaps are 
formed from these periodicity structures whereby the propagation of in-plane light is controlled. By introducing a line 
defect into this periodic structure, a waveguide can be created. See, for example, Physical Review Letters vol 77 pp 
3787-3790, 1 996, and Reference 2. ' 

[0011] Reference 2 relates to the array of cylinders of a high refractive index material in a square lattice pattern It 
is noted that although the propagation of light in the in-plane direction can be controlled by a bandgap as previously 
described, the propagation of light in upward and downward directions cannot be controlled by the periodic structure 
Analysis is thus made on a straight waveguide and a 90« bend branch configuration and branch configuration on the 
assumption that the height is infinite. 

[0012] However, since it is impossible for an actual device to have an infinite height, light must be confined within a 
finite height. 

[0013] On the other hand, where cylindrical holes are formed in a high refractive index material, a waveguide can 
* be created by forming the high refractive index material as a slab, and providing low refractive index layers above and 
below the slab so as to confine light by total reflection. 

h However ' n ° resea "=" has been made on multiplexers. and demultiplexers of such a structure. Also no re- 
search has been made on the 90- bend branch configuration and branch configuration of guiding light propagating i m 
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the in-plane direction to the orthogonal direction or guiding light from the orthogonal direction to the in-plane direction. 
[0015] Optical multiplexers and demultiplexers using a super-prism based on self-organized 3D crystal have also 
been studied. See, for example, Applied Physics Letters, vol. 74, pp. 1212-1214, 1999 and 0 plus E, December 1999, 
pp. 1 560-1 565. They are not combined with waveguides, and only the function of an independent device is investigated. 
5 [0016] If a photonic crystal waveguide is able to deliver a light output with wavelength selectivity in a certain wave- 
length region or receive a light input with wavelength selectivity, it becomes possible to realize an optical circuit having 
a light demultiplexing/multiplexing function of much smaller size than conventional devices. Also, if light or electromag- 
netic radiation in a 2D photonic crystal waveguide can be guided to the orthogonal direction, a steric light or electro- 
magnetic radiation circuit can be obtained. 

10 

SUMMARY OF THE INVENTION 



[0017] An object of the invention is to provide a construction capable of guiding or receiving light or electromagnetic 
radiation propagating through a 2D photonic crystal waveguide in a direction orthogonal to the plane thereof, the con- 
15 struction being effective forforming a light or electromagnetic radiation waveguide or a light or electromagnetic radiation 
multiplexer/demultiplexer. 

[0018] The above and other objects are attained by the invention which is defined below. 



20 



(1 ) A two-dimensional photonic crystal waveguide comprising 



a two-dimensional photonic crystal structure based on a slab formed of a material having a higher refractive 
index than air, in which a material having a lower refractive index than the slab material is periodically arrayed 
to provide a refractive index distribution, 

a photonic crystal waveguide created by forming a line defect in the periodic array of photonic crystal, the line 
25 defect functioning as a waveguide, and 

at least one point defect disposed adjacent the photonic crystal waveguide to act as a disorder in the periodic 
array of photonic crystal, 

wherein the point defect functions as a light or electromagnetic radiation outlet/inlet port for trapping light or 
electromagnetic radiation of a selected wavelength among light or electromagnetic radiation propagating 
30 through the waveguide and radiating it, or trapping light or electromagnetic radiation of a selected wavelength 

from without the waveguide and introducing it into the waveguide. 

(2) The two-dimensional photonic crystal waveguide of (1) wherein the light or electromagnetic radiation outlet/ 
inlet port is to radiate or introduce the light or electromagnetic radiation propagating in a direction orthogonal to 

35 the slab surface. 

(3) The two-dimensional photonic crystal waveguide of ( 1 ) or (2) wherein the wavelength of light or electromagnetic 
radiation radiated or introduced by the point defect differs depending on the shape of the point defect. 

(4) The two-dimensional photonic crystal waveguide of any one of (1 ) to (3) wherein the array of the lower refractive 
index material is formed by filling cylindrical holes in the slab with the lower refractive index material. 

40 (5) The two-dimensional photonic crystal waveguide of any one of (1 ) to (4) wherein the array of the lower refractive 

index material is a triangular lattice array. 

(6) The two-dimensional photonic crystal waveguide of any one of (1 ) to (5) wherein the point defect is configured 
so as to be asymmetric on opposite sides with respect to the slab surface.. 

(7) The two-dimensional photonic crystal waveguide of any one of (1) to (6) wherein the slab material has a re- 
45 fractive index of at least 2.0. 

(8) The two-dimensional photonic crystal waveguide of (7) wherein the slab material is an inorganic material con- 
taining at least one element selected from the group consisting of In, Ga, Al, Sb, As, Ge, Si, P, N, and O or an 
organic material. 

(9) The two-dimensional photonic crystal waveguide of any one of (1) to (8) wherein the lower refractive index 
so material is air. 

(10) A photonic crystal wavelength demultiplexer comprising the two-dimensional photonic crystal waveguide of 
any one of (1) to (9). 

(11) The photonic crystal wavelength demultiplexer of (10) wherein there are included a plurality of point defects 
and wavelength of light or electromagnetic radiation radiated or trapped by each point defect differs. 

55 (12) The photonic crystal wavelength demultiplexer of (10) or (11), further comprising an optical fiber disposed in 

proximity to the point defect. 

(13) The photonic crystal wavelength demultiplexer of (10) or (11), further compriaing a semiconductor device 

having a photoelectric conversion function disposed in proximity to the point defect. 
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2* S Jed oi l C ^ S,a ' wa k ve 9 u,de of the inven «°n comprising a 2D photonic crysta. structure based on a 

,h*n thTlt k . ? '" 9 3 h ' 9her refractive index air. in which a material having a lower refractive index 
TJ^tZ P en ;° diCa,,y arrayed t0 P rovide a refract ^ index distribution, a photon* ^SSSSiSS 

created by formmg a Ime defect, which functions as a waveguide, in the periodic array of photonte costal and aTleLt 
one pent def ect is disposed adjacent the photonic crystal waveguide to act as a JtaoSJTSS^S^ 
photomc crystal. The point defect functions as a light or electromagnetic radiation outlet/inlet ^^SEqTS Z 
electromagnet radiation of a selected wavelength among light or electromagnetic r^^^SS^S^Z 

ssss ssssi» 9 ,i9ht or *~-» — - a -ected ^ly^srrt 

&t 1^ ^cl^^^on ^^=ir ^prSd^o nSP ° rt ' ~~ - ~" ' - «» 

Srnnl, 3 P !" n ! 18 f0mied Pr ° Ximity t0 the wave 9 ui de formed by the line defect, introduction and 

removal of hght or electromagnetic radiation into and out of the point defect becomes possible so that a itaw «, «w 
tromagneric radiation iniet/outlet port is available. The point defect becomes a «1I^SSSS^|S2^«^|^^ 
structure based on a slab formed of a material having a higher refractive index than air, in whiSfa mater at S a 
lower refraefve .ndex than the slab material is periodically arrayed to provide a refractive index distSon 9 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0022] 



FIG. 1 1 is a schematic perspective view showing a 2D photonic crystal slab waveguide having one point defect 
according to one embodiment of the invention. 9 P 

FIG. 2 is a schematic perspective view showing a 2D photonic crystal slab waveguide having two point defects 
according to another embodiment of the invention. P aeiecis 

FIG. 3 is a schematic plan view showing the triangular lattice pattern of the 2D photonic crystaTslab waveguide of 

FIG. 4 is a schematic plan view showing the square lattice pattern of the 2D photonic crystal slab waveguide 
FIG. 5 is a fragmentary cross-sectional view of another form of point defect: 
FIG. 6 is a fragmentary cross-sectional view of a further form of point defect. 

FIG. 7 is a schematic perspective view of a surface output type wavelength demultiplexer according to the invention 
FIG. 8 is a schematic perspective view of another surface output type wavelength demultiplexer according to the 
invention. 

[0023] FIGS. 9 to 14 are cross-sectional views showing successive steps of a process of fabricating a 2D photonic 
crystal InGaAsP slab waveguide. " ■ 

[0024] FIGS 15 to 20 are cross-sectional views showing successive steps of aribther process of fabricatiriq a 2D 
photonic crystal InGaAsP slab waveguide. y 
[0025] FIG. 21 is a perspective view showing dimensions associated with a 2D photonic crystal 
[0026] FIG. 22 is a graph showing the frequency and intensity of light or electromagnetic radiation radiated in the 
orthogonal direction from the point defect disposed adjacent to the 2D photonic crystal slab waveguide of FIG 1 
[0027] FIG. 23 is a graph showing the frequency and intensity of light or electromagneticradiation radiated in the 
orthogonal direction from the two point defects disposed adjacent to the 2D photonic crystal slab Waveguide of FIG 2 
[0028] Referring to FIG. 1., there is illustrated a waveguide/wavelength demultiplexer according to a first embodiment 
of the invention in which a point defect is disposed adjacent to a two-dimensional photonic crystal slab waveguide for 
delivering light or.electromagnetic radiation of a selected wavelength in an orthogonal direction. Throughout the spec- 
ification, directions parallel and orthogonal to a major surface of the two-dimensional photonic crystal slab are referred 
to as in-plane and orthogonal directions, respectively. 

[0029] First, the photonic crystal and the waveguide are described. The photonic crystal used herein is a 2D photonic 
crystal having a bandgap in an in-plane direction due to a 2D periodic distribution of refractive index, and is structured 
such that cylindrical. holes 1 6 are arrayed in a slab material 11 in a triangular lattice pattern as shown in FIG 1 
[0030] Incident light or electromagnetic radiation 13 (M , X2, ... XI, ...) within the crystal, is prevented by the bandgap 
from propagating in the in-plane direction, and confined in the orthogonal direction due to total reflection bv upper and 
lower low refractive index materials. 

[0031] As shown in FIG. 1 , a line defect 1 2 is incoiporated in the photonic crystal by linearly removing some of the 
cylindncal holes 16 arrayed in the triangular lattice pattern. In the line defect 12, a guided mode" exists to form a 
waveguide. ~ 

[0032] The material of which the photonic crystal slab structure is formed is desirably 'a material having a high re- 
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tractive index because of the need to confine light or electromagnetic radiation in upward and downward directions. 
Although an InGaAsP slab is used in the illustrated embodiment, there may be used GaAs, a material containing one 
or more elements selected from among In, Ga, Al, Sb, As, Ge, Si, P, N, and O, an inorganic material such as Si, 
especially an inorganic semiconductor material, or an organic material. 
5 [0033] The material used as the slab should desirably have a higher refractive index as mentioned above, specifically 
higher than air, preferably at least 2.0, and more preferably at least 3.0. 

[0034] In the illustrated embodiment, the cylindrical holes 16 are arrayed in a pattern of triangular lattices 16a as 
shown in FIG. 3, although it is possible to use a photonic crystal in which the cylindrical holes 16 are arrayed in a 
pattern of square lattices 16b so that a photonic bandgap is present and a defect 12 is linearly incorporated as shown 

io in FIG. 4. It is noted that FIGS. 3 and 4 each are a plan view of a portion of the photonic crystal-constructing slab. 
[0035] Next, the light or electromagnetic, radiation outlet/inlet port is described. As previously described, light or 
electromagnetic radiation can propagate through a defect waveguide in the 2D photonic crystal. In a linear waveguide, 
the wavelength range in which light or electromagnetic radiation can be transported at a low loss is relatively wide. 
Then light or electromagnetic radiation in a wavelength region including the wavelengths of several channels can be 

15 transported through the waveguide. By contrast, once a point defect 14 is disposed in proximity to the waveguide as 
shown in FIG. 1, light or electromagnetic radiation of a selected wavelength is trapped within the defect. While reso- 
nating within the defect, the light or electromagnetic radiation 1 5 is radiated in upward and downward directions having 
a low Q factor due to the slab shape. 

[0036] By designing the point defect so as to trap only the wavelength of a particular channel in the wavelength 

20 region, the point defect functions not only as the light or electromagnetic radiation outlet/inlet port, but also as a de- 
multiplexer, multiplexer or filter for taking out light or electromagnetic radiation of the selected wavelength (Xi). With 
this configuration, the in-plane guided light or electromagnetic radiation can be guided in the orthogonal direction, 
enabling to form a branching or redirecting path within a minute region. Inversely, light or electromagnetic radiation of 
a selected wavelength incoming in the orthogonal direction can be guided to the in-plane waveguide. 

25 [0037] By appropriately setting the spacing between the waveguide and the point defect, it becomes possible to 
control the proportion of light or electromagnetic radiation of a selected wavelength to be trapped and radiated. It is 
then possible to form with ease a light or electromagnetic radiation circuit for taking out or branching a predetermined 
proportion of light or electromagnetic radiation. , 
[0038] In the embodiment of FIG. 1 , light or electromagnetic radiation is radiated in upward and downward directions 

30 because the defect lacks vertical asymmetry. Vertical asymmetry can be incorporated in the defect so that light or 
electromagnetic radiation is radiated in either one of upward and downward directions. The method of incorporating 
asymmetry is, for example, by tailoring the shape of the point defect 14 from cylinder to cone as shown in FIG. 5, or 
by changing the diameter of the point defect 14 between upper and lower levels of the slab 11 as shown in FIG. 6. It 
is noted that FIGS. 5 and 6 each are a cross-sectional view of a point defect-surrounding portion. 

35 [0039] Referring to FIG. 2, there is illustrated a second embodiment of the invention wherein two point defects 21 
and 22 are disposed adjacent to the linear waveguide. Since the wavelength of light or electromagnetic radiation 22, 
23 to be trapped or radiated is controlled by the size of each defect, two wavelengths (Xi, Xj) in the region of incident 
light or electromagnetic radiation (X1 , X2, Xi, Xj, ...) can be delivered through the respective point defects. The light 
or electromagnetic radiation other than the trapped and radiated ones is guided through the linear waveguide. Although 

40 a two-channel wavelength demultiplexer is illustrated in this embodiment, a multi-channel wavelength demultiplexer 
can be formed by increasing the number of defects. 

[0040] FIG. 7 illustrates the concept of a multiplexer/demultiplexer according to a third embodiment of the present 
invention. Light or electromagnetic radiation 31 of a certain wavelength region propagates through the photonic crystal 
waveguide, is trapped by point defects 32 to 34 and delivered in the orthogonal direction. 
45 [0041 ] The light or electromagnetic radiation is introduced into optical fibers 35 to 37 disposed above the point defects 
and used as signals. The optical fibers are preferably located above the point defects with a sufficient spacing not to 
cause the photonic crystal structure to be disordered. 

[0042] Alternatively, the photonic crystal structure may be integrated with semiconductor devices having a photoe- 
lectric conversion function, for example, photodiode arrays 45 to 47 as shown in FIG. 8. With this construction, light 
so or electromagnetic radiation delivered from the point defects 42 to 44 in the orthogonal direction can be directly con- 
verted into electrical signals within very small areas. 

[0043] Now it is described how to fabricate a photonic crystal waveguide/wavelength demultiplexer according to one 
embodiment of the invention. 

[0044] First of all, as shown in FIG. 9, on an InP substrate 51 , for example, an InP layer 52 serving as a buffer layer 
55 and a layer of a high refractive index material, typically an InGaAsP layer 53 are formed by crystal growth. Crystal 
growth is preferably carried out by the MOCVD method and at 590 to 650°C. 

[0045] Next, to form a triangular lattice pattern of circular holes and point defects, a photoresist S4 for electron beam 

patterning is coated as shown in FIG. 10, which is exposed and developed into a resist pattern as shown in FIG. 11 . 
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iTX^T^ W f h e,eCtr ° n b8amS iS emP ' 0yed herei " Since the ,attice «> nstant °< the photonic oysta. is as small 
SirSX ^ 3SSUmPti0n that M9ht ° r -—»■■"-» nation to be t^C^hTa' 

!!X?L™ £ 3S Sh ? W " RG - 1 2 ' Cy "' ndrical h0,6S and de,ects are formed i" fe InGaAsP slab by reactive ion etchino 

r6S t ? 8 maSk - ThS R ' E USSS 3 938 mixture of "a a ^ CH 4 , for example. * Ch ' n9 
[0047] The reset is then removed as shown in FIG. 13. In order to provide air layers having a low refractive ind«r 
above and below the slab, the InGaAsP slab is processed into a membrane as shown in RG 14 TOsTSne bl wlt 
etching so as to effect selective etching of the InP layer. y Wet 

[0048] Although InGaAsP is used as the high refractive index material in the above example silicon fSn is also „«f„. 
fhe r:r ri a a , KSESSr ^ ^ " ~ ^ ~n.ng. The 

a°Si sLtSe 6lTertin o r TA ed K a 8W ™-°™*" lator (SOI) Substrate as shown in F,G - «• ™e SOI substrate includes 
f h i ? ? , ? 8 b3Se 3nd 3 S,ngle crys,al Si la V er 63 ste cked thereon with a SiO, layer 62 intemosed 
therebetween. Instead of the SOI substrate, a structure having a SiO a layer and a Si layer grown or a asSTE 
also employable. Next, a photoresist 64 for electron beam patterning s coated as shown! F ^ 16 whbh is exo^Jo 
and developed into a resist pattern as shown in FIG. 17 ' exposed 

[0050] Next, as shown in FIG. 1 8, cylindrical holes and defects are formed in the Si layer 63 by reactive ion etchino 
R.E) using he resist 64 as a mask. The RIE uses SF 6 gas. Then the restet is removed as shown In F^G T 9 The oSe 
f,.m , aV er be.ow the photonic crystal Is etched with an aqueous H F solution, leaving a membrane as shown in^ £ 



EXAMPLE 



Snfl! " ,ust ' ativ e examples of the invention are described below together With their characteristics 
K S? a, IS hT Cd iS 3 P IT 0niC CryStaL The Ph ° t0niC C,VStal Slab was formed of ,nG aAeP For example, as shown 
t lf 0.6a ' ^ 3 ' attiCe C ° nStant " a '" thS h0 ' eS haVS 3 radiUS r ° 1 0 29a > and t"e slab has a thickness 

[0053] On the slab provided with a line defect and a point defect, analysis was conducted by the finite-difference- 
hme-doma.n (FDTD) method, with the results shown below. It is understood that the FDTD method is a meThod^ 
?S solvmg the fine-dependent rotational equation among the Maxwell's equations, which is briefly explained below 
[0054] In an isotropic medium, the Maxwell's equations is described as follows. 

at 

[0055] Herein, p. is a permeability, E is a dielectric constant. 

[0056] From these equations, the following six difference equations are obtained. 
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Srvstets.ab Ln b h° Ve '"i eq " at 1 ? ns ' the wa V of P«f»8atlon of light or electromagnetic radiation through the pho- 

- — * fi6,d above — « ^ conducing Fourier transfoC- 

ssi^ts^ts: Xe 9 ;; o e 2 w r?o ; skst^ T e t spondin9 to one period ™ d - as - 

ation to be propagated may meet this condition. In this example, the wavelength oflight or ei^^S^^L 
to be propagated is set to be 1 .55 urn, f = 0.275 (c/a) corresponding to the center of l^ngT^Xo^^ 
1 .55 urn, then V is computed to be 0.42625 urn from 0.275x1 .55 urn ( ' 

[0059] FIG. 22 shows the frequency and intensity of light or electromagnetic radiation radiated in the orthooonal 
direction from the po.nt defect disposed adjacent to the waveguide. It is understood that thfoo mdefec! ToroS 
by changing the radius of one cylindrical hole to 0.56a. It is seen from the diagram that tight or elec mmaanete Eon 
atthe normahzedfrequency f = 0.273 (c/a) is radiated in upward and downwa'rd fMm^^SS^^ 

EJ^onSS 23 S ?°™ G f requen °y and intensit y of ^ht or electromagnetic radiation radiated from each point defect 
in the embodiment o FIG. 2 wherein point defects of different size are disposed adjacent to the^veguide Tn S 
example, the point defects are cylindrical holes having a radius of 0.56a and 0.58a. It is seen that light ^IZkmo^iZ 

st^ir^ 1 = 02729 (c/a) and 1 - 02769 (c/a > is radiated - The ° — « xssszi sezs 

f°°t!l H ! S COn,irmed from these results that a waveguide created by introducing a line defect and a point defect in 
the 2D P hoton,c crystal has a function of transmitting light or electromagnetic radiation into an7o* Z Z po^S^i 
and a function as a wavelength demultiplexer/multiplexer of the plane output type 

[0062] A wavelength demultiplexer fabricated by providing a point defect in proximity to a 2D photonic civstal 

TJ^TTVn T r enti ° n " ab ' e 10 inf>Ut and ° UtpUt " 9ht ° r ^'-tromagnetic'adiation inJhtoSna 
diction despite the 2D photonic crystal structure. Since light or electromagnetic radiation of a selected wavelength 
can be input or output from the point defect in a demurtiplexed manner, there can be reaped an ultrasma.l wavelenSh 
demu tiplexer. This a.so enables relatively easy realization of a steric urtrasma.l light or e.eotromagnetic circuit 
[0063] Japanese Patent Application No. 2000-084869 is incorporated herein by reference 

XSSI in^tTtK 0 ^ Pre ? embodiments have been described, many modifications and variations may be made 
hereto in light of he above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically described without departing from the scope of the appended claims omerw.se 



Claims 



1 . A two-dimensional photonic crystal waveguide comprising 



a two-dimensional photonic crystal structure based on a slab formed of a material having a higher refractive 
indexthan air, in which a material having a lower refractive index than said slab material is periodically arraved 
40 to provide a refractive index distribution, 

a photonic crystal waveguide created by forming a line defect in the periodic array of photonic crystal the line 
defect functioning as a waveguide, and 

at least one point defect disposed adjacent said photonic crystal waveguide to act as a disorder in the periodic 
array of photonic crystal, 

« wherein said point defect functions as a light or electromagnetic radiation outlet/inlet port for trapping light or 

electromagnetic radiation of a selected wavelength among light or electromagnetic radiation propagating 
through the waveguide and radiating it, or trapping light or electromagnetic radiation of a selected wavelength 
from without the waveguide and introducing it into the waveguide. 

so 2. The two-dimensional photonic crystal waveguide of claim 1 wherein the light or electromagnetic radiation outlet/ 
inlet port is to radiate or introduce the light or electromagnetic radiation propagating in a direction orthogonal to 
in© sod surrace. 

3. The two-dimensional photonic crystal waveguide of claim 1* wherein the wavelength of light or electromagnetic 
radiation radiated or introduced by said point defect differs depending on the shape of said point defect. 

4 " n^L m 1nn i0 ^ ! P h ° tonic or ^ st ^ waveguide of claim 1 wherein the array of the lower refractive index material 
is formed by filling cylindrical holes In the slab with the lower refractive index material. 
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5. The two-dimensional photonic crystal waveguide of claim 1 wherein the array of the lower refractive index material 
is a triangular lattice array. 

6. The two-dimensional photonic crystal waveguide of claim 1 wherein said point defect is configured so as to be 
asymmetric on opposite sides with respect to the slab surface. 

7. The two-dimensional photonic crystal waveguide of claim 1 wherein said slab material has a refractive index of at 
least 2.0. 

8. The two-dimensional photonic crystal waveguide of claim 7 wherein said slab material is an inorganic material 
containing at least one element selected from the group consisting of In, Ga, Al, Sb, As, Ge, Si, P, N, and O or an 
organic material. 

9. The two-dimensional photonic crystal waveguide of claim 1 wherein the lower refractive index material is air. 

10. A photonic crystal wavelength demultiplexer comprising the two-dimensional photonic crystal waveguide of claim 1 . 

11. The photonic crystal wavelength demultiplexer of claim 10 wherein there are included a plurality of point defects 
and wavelenght of light or electromagnetic radiation radiated or trapped by each point defect differs. 

1 2. The photonic crystal wavelength demultiplexer of claim 1 0, further comprising an optical fiber disposed in proximity 
to the point defect. 

13. The photonic crystal wavelength demultiplexer of claim 10, further comprising a semiconductor device having a 
photoelectric conversion function disposed in proximity to the point defect. 



EP1 136 853 A1 




12 

BNSDOCID: <EP 1 136B53A1_I_> 



EP1 136 853 A1 




BNSDOCID: <EP. 



1136853A1_L> 



13 



— -s 



EP 1 136 853 A1 



FIG. 3 
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FIG. 5 
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FIG. 9 
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FIG. 12 
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FIG. 15 
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